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Application No . 0 9/ 8 99 , 8 15 
Amdt. dated December 18, 2003 
Reply to Office Action of June 25, 2003 

Docket No. 1510-1030 

REMARKS 

At the outset, applicants would like to thank Examiner 
Chernyshev and Primary Examiner Ulm for their time and 
consideration of the present application at the interview of 
October 21, 2003. At the interview, the contentions of the 
outstanding Official Action were discussed. 

Applicants believe that the present application has 
been amended in a manner that places it in condition for 
allowance at the time of the next Official Action. 

Claims 24, 27, 32-33, and 39-43 are pending in the 
present application. Claims 8-15, 25, 26, 28-31, and 34-38 have 
been canceled without prejudice and may be the subject of a 
divisional application. Claims 24, 27, and 32-33 have been 
amended to more particularly point out and distinctly claim the 
present invention. New claims 39-43 have been added to vary the 
scope of the claimed invention. Support for new claims 39-43 may 
be found in the original claims and in the present specification 
at page 5, lines 28-30; page 6, lines 1-6; and page 6, lines 6- 
15. 

In the outstanding Official Action, claims 24, 27, and 
28 were rejected for reciting the term "non-wildtype" . Claims 24 
and 27 have been amended to recite "non-wild type". As noted 
above, claim 28 has been canceled. Support for the term "non- 
wild type" may be found in the present specification beginning on 
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page 1. Moreover, applicants note that the original claims also 
recite this term. Thus, it is believed that claims 24 and 27 
have been amended to satisfy the objections of the Official 
Action . 

Claim 26 was rejected under 35 USC 112, first 
paragraph, as allegedly failing to comply with the written 
description requirement. It is believed that this rejection has 
been obviated by the present amendment. 

In imposing the rejection, the Official Action alleged 
that the present specification did not support the recitation to 
an "active fragment" of an A(3 peptide. 

As noted above, claim 26 has been canceled. Moreover, 
applicants note that none of the claims recite an "active 
fragment" of A|3 peptide. Thus, applicants believe that claims 
24, 27, 32-33 and 39-43 are supported by the present disclosure. 

In the outstanding Official Action, claims 24-38 were 
rejected under 35 USC 112, second paragraph, as allegedly being 
indefinite. This rejection is respectfully traversed. 

The outstanding Official Action rejected the claims for 
reciting the terms "non-wildtype" , "protofibril", and "fibril". 
As noted above, the claims have been amended to recite a "non- 
wild type" protofibril. This term is found in the specification 
and claims and is believed to be understood by one of ordinary 
skill in the art. Moreover, applicants believe that one of 
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ordinary skill in the art would also find the terms "protofibril 7 ' 
and "fibril" definite. Indeed, the Examiner's attention is 
directed to the WALSH et al . article which clearly utilizes this 
terminology. Thus, it is believed that the claimed invention is 
definite to one of ordinary skill in the art. 

In the Official Action, claims 24-38 were rejected 
under 35 USC 102(b) as allegedly being anticipated by SCHENK et 
al. This rejection is respectfully traversed. 

Applicants believe that SCHENK et al . fail to disclose 
or suggest the claimed invention. As noted at the interview, 
applicants believe that SCHENK et al . fail to disclose or suggest 
the arctic mutation of the claimed invention. 

Indeed, as suggested at the interview by Examiner 
Chernyshev and Primary Examiner Ulm, amended claim 24 recites a 
method for the prevention or treatment of Alzheimer's disease in 
a subject having or suspected of having Alzheimer's disease, 
comprising administering to the subject a therapeutically 
effective amount of a non-wild type protofibril, wherein the non- 
wild type protofibril comprises SEQ ID NO : 1 . Applicants 
appreciate the suggestion set forth at the interview and believe 
that claim 24 is allowable. 

The Examiner' s attention is also directed to new claims 
39-43. Independent claim 39 is directed to a method for the 
prevention or treatment of Alzheimer's disease. The protofibril 
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of claim 39 comprises the peptide selected from the group 
consisting of A(339-Arc (Amino Acids 1-39 of SEQ ID NO:l), Ap40- 
Arc (Amino Acids 1-40 of SEQ ID NO:l) and A(342-Arc (SEQ ID NO:l). 
As noted above, SCHENK et al. fail to disclose or suggest the 
arctic mutation. As a result, it is believed that claim 39 is 
also allowable . Applicants note that claim 4 0 is dependent on 
claim 39. 

As to independent claim 41, claim 41 recites a method 
for the prevention or treatment of Alzheimer' s disease in a 
subject having or suspected of having Alzheimer's disease, 
administering to the subject a therapeutically effective amount 
of a non-wild type protofibril, wherein the protofibril comprises 
a mutated A(3 peptide comprising the mutation GIU22 -* Gly22- Claim 
42 is dependent on claim 41. Applicants believe that claims 41 
and 42 are allowable for the reasons noted above. SCHENK et al. 
do not teach or suggest the arctic mutation. 

Claims 27 and 32 are directed to a method for 
prevention and treatment of Alzheimer's disease, wherein a 
therapeutically effective antibody is administered to the 
subject. At this time, applicants would like to clarify the 
Interview Summary of October 21, 2003. While the Interview 
Summary recommends limiting the claims to the use of antibodies 
that bind protofibrils of Arc A|3 to the exclusion of wild type 
A|3, applicants note that the present invention is actually 
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directed to antibodies which have properties that are identical 
to antibodies raised against Ap-Arc peptides in a protofibril 
confirmation. While SCHENK et al . may teach a method of treating 
Alzheimer' s patients with the administration of an antibody to an 
Ap peptide, SCHENK et al . fail to disclose or suggest antibodies 
raised against an Ap-Arc peptide in a protofibril confirmation. 
Indeed, SCHENK et al . teach that the antibodies specifically bind 
at AP peptide (see SCHENK et al . , page 17, lines 35-39). 

Thus, in view of the above, it is believed that SCHENK 
et al. fail to anticipate or render obvious claims 24, 27, 32, 
33, and 39-43. 

At this time, applicants would also like to present the 
article by FORSELL et al . At the interview, Examiner Chernyshev 
and Primary Examiner Ulm asked that this article be submitted. 
The article is directed to an amyloid precursor protein mutation 
at codon 713 (Ala -> Val) . Thus, the article does not pertain to 
the arctic mutation of the present invention. Applicants also 
note that this reference was provided with the Information 
Disclosure Statement submitted on March 12 , 2 0 02 and has already 
been considered by the Patent Office. 

In view of the present amendment and the foregoing 
remarks, therefore, it is believed that this application is now 
in condition for allowance, with claims 24, 27, 32-33, and 39-43, 
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as presented. Allowance and passage to issue on that basis are 
accordingly respectfully requested . 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted, 

YOUNG & THOMPSON 



Philip A. DuBois, Reg . No . 50, 696 
745 South 23 rd Street 
Arlington, VA 22202 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 

PD/fb 
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APPENDIX : 

The Appendix includes the following item(s): 

- WALSH et al. "Amyloid p-Protein Fibrillogenesis" 

- FORSELL et al . "Amyloid precursor protein mutation at codon 
713 (Ala Val) does not cause schizophrenia: non-pathogenic 
variant found at codon 705 (silent)" 
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Amyloid ^-Protein Fibrillogenesis 

DETECTION OF A PROIOFIBRILLAR INTERMEDIATE* 

(Received for publication, April 21, 1997, and in revised form, June 18, 19B7) 
* * M. Condron*. 



KhrllloffflneaU of the amyloid ^protein (A0) in a sem- 
mal pathogenetic event in Alzheimer's disease. Inhibit- 
tag fibrillogenesis is thus one approach toward disease 
therapy. Rational design of fibrillogenesis Inhibitors re- 
quires elucidation of the stages and kinetics of Afi fibril- 
logenesia. We report results of studies designed to exam- 
Ine theJ nUial stages of .j^^yromerisadon. S ize 
exclusion onromatography, quasielastic UgEt scattering 
spectroscopy, and electron microscopy ware used to 
characterize fibriUogenesds intermediates. After disso- 
lution in 0.1 M Tria-HCl, pH 7A, and removal of pre- 
exlstent seeds, A/9 chroma tographed almost exclusively 
as a single peak. The molecules composing the peak had 
average hydro dynamic radii of 1.8 ± 0.2 nm, consistent 
with the predicted size of dimoric A0. Over time, an 
additional peak, with a molecularweight > 100,000, ap- 
6 PP H - rwn> ™" oo^tained^pre^ 

fl - ft TIT **"^3t arano^ 20 U'^ 
we have termed ^protolUirila/' The kinetics oFprotofi. 



- - — " — ui proton* 

bnl formation and disappearance are consistent with 
protofibrils beting intermediates in the evolution of amy- 
loid fibers. Protofibrils appeared during the polymeri- 
zation ofA0-U-4Q), A0-U-42), and AM1-40MH*" pep- 
tides associated with both sporadic and inherited forms 
of Alzheimer's * disease, suggesting that protofibril for- 
mation may be a general phenomenon in A/3 fibrillogen- 
esis. If so, protofibrils could be attractive targets for 
fibriUogenesis inhibitor*. 



Fibrillar amyloid plaques in the cerebral parenchyma and 
vasculature are a cardinal neuropathoJogic feature of Alzhei- 
mer's disease (AD) 1 (IX Plaques ate composed predominantly 
of insoluble fibers of the amyloid 0-protein (Afi) (2). A£ is a 
normal component of the plasma and cerebrospinal fluid, oc- 
curring as a soluble 40- or 42-residue peptide (3, 4). Thus, a 
central question in the etiology of AD is the mechanising) by 
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which these soluble Afi molecules are converted into plaque- 
associated fibers (6). This question la particularly relevant 
because A0 fibers, unlike nonfibrillar Afl, are neurotoxic in 
vitro and are associated with damaged neuropil in vivo (61 
These observations miggest that inhibiting fiber formation 
would be an effective approach toward AD therapy. However, if 
these efforts are to succeed, fiber formation must be understood 
at the molecular level. 

A0 fibriUogenesis is a nuclei tion-dependaiit polymerisation 
process (7, 8). The kinetics of this type of process is controlled 
by two key parameters, nucleation rate and elongation rata. 
Past studies of the kinetics of Afl fibriuogenesU, utilizing tech- 
niques including- turbidity, sedimentation, and thioflavine T 
binding, could only provide information on the appearance of 
high molecular weight aggregates (7, 9) or the disappearance of 
soluble peptide (10-13}. Neither rate constant* nor structures 
of fibrillogenesis intermediates could be determined by these 
approaches. In contrast, the technique of quasielastic light 
scattering spectroscopy (QLS) is particularly well suited for 
resolving individual stages of polymerisation processes and for 
examining polymerisation kinetics (14). QLS was used initially 
to monitor late stages of Ap fibriUogenesis (15, 16). Recently, 
however, a modal system was developed for the highly repro- 
ducible growth of Afi fibers (8). This allowed QLS monitoring of 
polymer size during all phases of fibrillo gene sis and determi- 
nation of the rates of A/3 fibril nucleation and elongation (8). 

The QLS approach is less useful for studying small struc- 
tures, such as AS monomers and oligomers, when they exist in 
mixtures with larger polymers. Because these preflbcillar in- 
termediates are potential targets for fibriUogenesis inhibitors, 
it is important to characterize them. One method for doing so is 
SDS-PAGE (17-20). However, since many Afl polymers are 
SDS-labfle, interpreting SDS-PAGE studies of AB polymerisa- 
tion is problematic Sire exclusion chromatography (SEC) is an 
attractive alternative to SDS-PAGE because it fractionates on 
the basis of molecular weight and is performed using nondena- 
turing and nendieaggregating buffers. SEC has been used to 
study the aggregation state of A0 in solution (20-23), but its 
potential in kinetic studies has not been exploited. We report 
hare the use of SEC, coupled with QLS and electron micros- 
copy, to characterize the temporal evolution and structures 
of oligomerlc intermediates in the pathway of AS 
fibriUogenesis. 

EXPERIMENTAL PROCEDURES 
Chemicals and Solvents 
Chemicals were obtained from Si«ma and. unless otherwise at* tod 
ware of the highest purity available. Solvents wore HPLC grade and 
wan obtained I from FUher. Water was double- drilled and doiooixad 
uaine a MQli-Q system (Milliporo Corp., Bedford, MA) 
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Peptides 

PeptideB were synthesized as described by Lomakin et al (6). Crude 
AB-(l-40) was purified by rovers© phase HPLC using a Vydac phenyl 
column (22 X 250 mm) and a linear gradient of 28-56% B over 60 min 
(A: 0.1% (v/v) trlfluora acetic acid; B: 70% (v/v) acetonitrile (CH^CN), 
0.09% (v/V) trifluoroacetic acid) at a flow rate of 20 nu/mhx A0-(l-42) 
was purified uaing a PLEP-S column (25 X 160 mm) and a linear 
gradient of 20- SO* B over 80 min (A; 60 mil Tria-HCI, pH 9.1: B: BO mu 
THfl-Ha, pH 9.i, containing 54% (wV) CH.CN and 6% (v/v) 2-propanol) 
at a flow rate of 16 ml/mia (24). Following purification, AB^l-42) was 
dialywsd against 0.15 m ammonium hydroxide in 40% (v/v) GH B CN, 
lyophilixed, and converted to ita trifluoroacetic acid salt by dissolution 
in 100% trifluoroacetic acid. Peptide mass, purity, and quantity were 
determined by a combination of matrix-assisted laser deecrpticm/ioiii- 
zatiou time-of-fliflnt mass spectrometry, analytical HPLC, and quanti- 
tative amino acid analysis, respectively. Purified peptides were all- 
quoted, lyophilized, and stored at "20 *C until used. A£-(40-l) wo* 
goDeroualy provided by Dr. Dennis Salkoe (Brigham & Women's Hos- 
pital and Harvard Medical Sohool). 

SEC 

CobimriB and Buffers A description of columns and buffers is found 
In Table L Superdex, Superoae and TSK columns ware attached to a 
Rainin HPLC system conaiatiug of « HPXL pump, a Rheodyne 7101 
injector, and a Dynamax UV-1 detector. Columns were eluted at a flow 
rate of 0.6 ml/min and peptide* detected by UV abaorbanoe at 264 nm. 
Sep had ex G-BO (superfine) media were prepared using either 1 x 30 cm 
or 1 X 60 cm borosUicate Bcono-oolumns (Bio-Rod, Hercules, CA) and 
eluted at 0.17 ml/min using an LKB Microperpex £ peristal tic pump. 
Peptides wore detected by UV absorbance at 264 nm uaing a Pharmacia 
UV-1 single path monitor. Bach experiment was performed at least two 
times. Pre-packed columns were washed with 60% (v/v) formic acid 
between experiments. Scphadex columns were prepared from fresh 
resin prior to each experiment. 

Sample Preparation— 400 M g of A/Hl-40) were dissolved in 200 ul of 
water and then vortexed briefly. 200 aJ of 2 X buffer were then added, 
and the sample was vortexed again. Following centrifugation (17,000 X 
S, 2 min), 100 /il of the supernatant was dmimatngraphecL For kinetic 
analyses, samples were incubated at room temperature for various 
periods prior to centrifugation. For quasielastic light scattering spec- 
troscopy, electron microscopy, and gel electrophoresis, Afl-d-40) was 
dissolved at a concentration of 2 mg/ml {0.46 mu), incubated at room 
temperature for 48 h, and then chroma bo graphed as above. Similarly, 
A£-( 1-40 Han** and A0-U-42) were dissolved at concentrations of 1 
mg/ml (0.23 and 0.22 mM, respectively) and incubated at room temper- 
ature for 6 h, and then 300 pi of each were chromatographed aa above. 
Peak fractions of 60-200-/U volume were collected and analyzed. 

Preparation of "Seedless" Sample* — Disaggregation experiments 
were performed by dissolving 800 fig of AS-O-40) in 160 pd of 
lA t ly3 r 3 r 3-heocafluon}-2-pTopanol (HTTP) and <TiwtKq^ T1E &t roam tem- 
perature for 10 min. The HPTP was removed by evaporation under a 
gentle Btreoxo of argon, I earing a slightly yellow film that was resus- 
pended In 80 pi of dime thy 1 sulfoxide (Mb»SO) and sonicated for 30 min. 
The solution was then filtered through an Anotop 10 Plus fitter (20 nm, 
Whatman Inc., Clifton, NJ) and diluted 1:9 (v/v) with 0. 1 u Tris-BO, pH 
7.4, containing 0.02% (w/v) sodium oxide (Trie buffer). After centrifu- 
gation (17,000 X g, S min J, LOO ul of supernatant were injected onto a 
Superdex 76 col umn . The remainder of the solution was incubated at 
room temperature and sampled at 1, 4, 8, and 24 h_ 

Radiotracer Experiments — To search for low abundance iatermedi- 
atea, radioiodinated A/Ml-40) ( WB I-Afl, -2000 Ci/mmol) was prepared 
according to Maggio et aL (26) at a final concentration of 100 pu in Iris 
buffer containing 0.6% (v/v) MojSO. After Incubation at room temper- 
ature for 0, 8, or 24 h, samples were centrifuged (17,000 X g, 3 min), and 
100-jul aliquota were injected onto a Superdex 76 column. 0.5 -ml frac- 
tions were collected, and their radioactivity was determined by acinLil- 
lation counting. To examine the effect of varying Afl concentration, 3 pd 
of appropriately diluted Afl-(l-40) ware added to 697 of Tris buffer 
containing 100 pM "^I-Afl, to yield final Ap concentrations of 1 X 10 _lo t 
1 X 10- fi , 1 X 10"*, 1 x 10-*, and 2.S X 10 ~ 4 m. Samples wore then 
incubated and analyzed aa above. 

Radioimmunoassay QUA) of Column Fraction* — A BIA procedure 
was used to detect trace levels of ohgomaric fibril intermediates. AB- 
(1-40) was dissolved in HFIP, lyophilized. dissolved to a suitable con- 
centration in MojSO, and then diluted 1:200 (v/v) with 0.1 m Trie buffer. 
Final A0 concentrations were 1 X 10~\ 1 X 10"°, 1 X 10~*, and I x 
10~ 4 U. Samples were then incubated and chromatographed as in the 
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radiotracer experiments. Fractions wore frozen at "20 *C until assayed. 
Ap-(l-40) content in each fraction was determined by 2UA (26). 

QLS 

Fractions from SEC were collected directly into cuvette* and ana- 
lyzad within 1 min of elution. QL6 was carried out essentially a* 
described (8). Measurements were performed at 25 "C using a Uuujley 
Ford model 1097 autocorrelotar and Coherent argon ioa lasers (modal 
Innova 90 or Xnnova 90- pi us) operated at 514 nm. 

Electron Microscopy 
10 fd of sample were applied to carbon-coated Formvar grids (Elec- 
tron Microscopy Sciences, Washington, PA) and incubated for 60 s. The 
droplet was then displaced with an equal volume of 0.5% (v/v) gtutar- 
aldehyde solution and incubated for an additional 60 s. The grid then 
was washed with four or five drops of water and wicked dry. Finally, the 
peptide was Btained with 10 jjJ of 2% (w/v) uranyl acetate solution (Ted 
Pella, Inc., Redding, CA) for 2 min. This solution was wicked off, and the 
grid was air-dried. Samples were examined using a JEOL CXlOO elec- 
tron microacope. To examine insoluble material, pellets of A/3 were 
suspended in a am all volume of buffer and prepared as above. 

Qtl Electrophoresis 
SDS-PAGE was carried out on 10. 6% Tricine gel b as described by 
Schagger and Von Jagow (27). Aliquota of each chromatographic frac- 
tion (20 j4) were mixed with 3 X SDS sample buffer (10 ul) and boiled 
for 6 coin immediately prior to electrophoresis. Gels were sHvar-Btained 
using the Bio-Rad silver stain kit and photographed. 

RESULTS 

OUgomerization ofAp-(l-40) — To monitor oligomerization of 
Afl, an analytical method is necessary that can resolve mono 
merle Afl and its oligomers under nondenaturing, nondis aggre- 
gating conditions. We reasoned that SEC would be appropriate 
for this purpose. Initial analysis of presumably mono merle Afl 
revealed a single peak with a molecular weight of 10,000 (Table 
I). This unexpectedly high molecular weight suggested that A/3 
might not be monomelic or was partially excluded from the 
column matrix, indicating' a nanideal analytG-matrix interaction. 

Because accurate molecular weight determination was crit- 
ical for the proper interpretation of our experiments, we deter- 
mined whether the chromatographic behavior of A£ varied 
depending on column matrix or elution conditions (Table I). 
When AB-(l-40) from the same peptide lot was dissolved in 
phosphate-buffered saline and chromatographed on Superdex 
75 (deotrarj-agaroae), Superoae 12 (agarose), or TSK (silica) 
matrices, the relative molecular weight of AB varied from 
10,000 to 18,000, Similarly, when Afl-Cl-40) was dissolved in 
0.1 m Tria-HCI, pH 7.4, and then analyzed, molecular weights 
of 9,000-15,000 were observed. Other solvent conditions re- 
sulted in M r values ranging from 5,000 to 10,500. One expla- 
nation for the variations in M r was nonideal chromatographic 
behavioT of Afl. This was confirmed in experiments in which 
the elution buffer was modified by the addition of ethylene 
glycol, an agent used to inhibit bo lute-column interactions. 
Under these conditions, a concentration-dependent decrease in. 
AB M T from 10,000 to 6,000 was seen. We also found that M t 
values varied depending on the calibration standards used. 
Thus, for consistency, all columns wore calibrated using the 
same five standards. 

In each Birperiment, A8-(l-40) chromatographed as a single 
peak in the included volume of the column, but because of its 
nonideal behavior, the oHgomerizatian state of AB within these 
peaks was unclear. If noncovalent mul tamers composed these 
peaks, then treating Afl with strong denaturants or solvents 
prior to chromatography might disaggregate these complexes 
and reduce the Atf r In fact, prctreatment of Afl with SDS-PAGE 
sample buffer, MeaSO, HFTF, or 90% formic acid, had no effect 
on its M r Id addition, AB-(40-l), the "reverse" peptide of AS- 
CI— 40) and one that does not polymerize readily, co-eluted with 
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Table I 

Chromatographic properties ofAp-(2-40J 
A0-U-4O) waa chnomatographed up five different eize exclusion media, bs described under "Experimental FWedures D For rah *u* 



Column 
Superdex 75 (1 x 30 cm) 



Separation 
rango {kDa.) 



Elution buffer" 



A0M r 


Void 
peak 


Carrel slum 
coefiLaenl f/ 3 ; 


10,000 




0.98 


10,600 




0.98 


&,000 




0.96 


B,000 




0.98 


6,000 




0.98 


15,000 


+ 


0.81 


14,000 


+ 


0.77 


16,000 


+ 


0.79 


12,000 




0.92 


8,000 




O.SS 


1.8,000 




O.S8 


9,000 




0.98 


8,000 




1.0 


7,500 




0.98 


5,000 




0.08 



Supertax 200 f 1 X 30 cm) 
Superose 12 (1 x 30 cm) 

TSK GZOOObtv <0.7 X SO cm) 

GSQaf (1 X 28 cm) 
G60sf(l X 28 cm) 
GSOsf (1 X 47 cm) 
GSOsf (1 x 47 cm) 



3-70 



10-600 
1-300 



6-100 



1.6-30 



PBS 

PBS, 20% sucrose 
PBS, 20% MPD 
PBS, 20% ethylene glycol 
PBS, 60% ethylene glycol 
0.1 m Tris-HCl, pH 7.4 

0.1 « Trifl-HCI. pH 7.4 

0.1 « Tris-HO, pH 7.4 
PBS 

0.1% trichloroacetic acid 
PBS 



0.1 h Tria-HCl, pH 7.4 
TBS 
TBSE 

50 mM ammonium acetate, pH 7.4 
PBS, phoaphate-mifTered saline; TBS, Tris-bruiTared saline; TBSE, 0.02 M Tris-HCl, pH 7.4, containing 0.1m 



• MPD, 2-metfayl-2,4-pQDtancdia]; 
NaCL and 60 EDTA. 



o 



0.07 



0.O6 



0.05 



0.03 



0.02 



0.01 




EiutJon volume (ml) 

Pio. 1. Size excltiskjn chroroatojfraphy or AfL A0-C1-4O) wa R dissolved in 0.1 u Tria buffer at a concentration of 2 me/ml and chromato- 
graphod on a Superdex 75 coJurnn, as described under "Experimental Procedures." The gal-included peak clutee at -12.4 ml, while the gel-excluded 
peals elutea at -7.2 mL Elution positions of molecular weight standards are Indicated by arrows. Molecular masse* are indicated in kDa. 



A0-O-4O) on the Supordcx 75/Tris-HCl system (data not 
shown). 

A time-dependent decrease in the magnitude of the gel- 
included peak was observed under all conditions examined 
(data not shown). In the Superdex 75/Tris-HCl system, this 
decrease wojb accompanied by the appearance of a new peak in 



the Scpid volmnej atthe column CFiff. 1). For linear polymer b such 
as dextran, this would be consistent with a molecular weight in 
excess of 30,000. To better estimate tho size of the aggregates 
in this peak, chromatography was alao performed on Superdex 
200 and Snperose 12 columns, which have exclusion limits (for 
dextrans) of — 100 kDa. A peak waa observed in the void volume 
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Fig. 2. Analysis of A£ size by QLS. Samples included soluble 
A/J-O-40) obtained by dissolution in 0.1 u Tria-HCl and ceatrifugation 
for 3 miu at 17,MD X g (A); the gel-included firaction obtained following 
SEC of the supernatant from A [if); aprotinin (6,600 Da) (C*)- buffer 
alone CD); soluble A£-<l-40) fallowing dissolution in 0.1 m Tris-HCl, 
incubatiun at room temperature far 48 li, and centrifuffation for 3 mill 
at 17,000 X g (E); and the gel-excluded fraction obtained by SEC of 
A0-<1-4O) prepared OBinS. Eachi?^ distribution was normalized to 
100% intensity. In A, E, and F, scattering intensity cornea predomi- 
aatoly from polymeric and aggregated Afi. In B, C, and D, scattering 
from the buffer < 0.2 nm; data not shown) accounts for the remain- 
in g scattering, and signals at 35 nm are not peptide-related, since they 
are present in buffer alone. Comparison of the magnitudes uf intenLsitiea 
among experiments is not meaningful. 



of these columns as well, suggesting that the Afi mul timers had 
molecular masses Id excess of 100 kDa, or that they too be- 
haved anomalously on SEC .""Experiment uaing A0-U-42) 
yielded essentially identical results (data not shown). 

Size Determination ofAp — To estimate the actual aires of Ap 
particles in the peaks obtained by SEC, QLS was used to 
measure the average diffusion coefficient of the particles. Par- 
ticle size is expressed as the radius of a sphere with an identical 
diffusion coefficient. This quantity is termed the hydrodynamic 
radius iR^) (for a review, see Ref. 28) and is conceptually 
equivalent to a Stoke's radius in gel permeation chromatogra- 
phy. For spherical particles, R H - r, where r is the geometric 
radius. For a fibril, R H depends on the length, diameter, and 
flexibility of the particle. R M is always less than the radius of 
the sphere circumscribed around the particle. 

Immediately after dissolution in TVis-Hd and ceatrifugation 
(17,000 X g, 3 min), but prior to SEC, soluble A0-(1-4O) had an 
average R a of -40-200 nm (Fig. 2A). Because scattering in- 
tensity is proportional to molecular weight, monomers and 
small oligomers can be difficult to detect in the presence of 
larger polymers and aggregates. However, by fractionating the 
mixture using SEC, we observed a gel-included fraction, 
with an extrapolated molecular weight of 15,000, which had an 
overage R H of 1.8 ± 0.2 nm (Fig. 2B). Geometric considerations 
predict that a 4,331-Da peptide in dimeric form will have a R H 
« 1.6-2.1 nm. Fox comparison, QLS analysis of aproiinin 
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(6,500 Da) fractionated by SEC yielded an average R K of 1.6 ± 
0,6 nm (Fig. 2C). These data argue that Ap existed as a dimer 2 
In the gel-included fraction, not as a trimer or tetramer as 
suggested by SEC. 

We next sought to determine the size(s) of the A0 oligomers 
in the gel-excluded fraction. To produce sufficient material for 
analysis, Aj8-(l-40) was incubated for 48 h prior to chromatog- 
raphy. QLS analysis of the pre-SEC supernatant (17,000 X g) 
revealed a broad distribution of particles sizes (range 4 to > 100 
nm) (Fig. 2E). Comparison of this distribution with that ob- 
tained from Ap immediately after dissolution (Fig. 2A) ahowB 
that particles of intermediate size form during fibrillogeneEis. 
Dimers wore not resolved clearly in this experiment due to the 
predominance of larger Aj5 ohgomexB/polymera, as discussed 
above. QLS analysis of the gol-excluded peak showed that the 
majority of intermediate particles ranged in size from -10 to 
60 nm (Fig. 2F). For a solution of noninteracting rods with 
diameters of 8 ran, this range corresponds to lengths of 30-500 
nm. These lengths would be significantly smaller if rod-rod 
interactions were occurring. On the other hand, if the rode were 
flexible, the lengths would be even larger. 

Taken together, our SEC and QLS data iniicate that the 
gel-includBd peak contained dimeric Ap, the gel -excluded peak 
contained a distribution of oligomers, and the pellet obtained 
prior to chromatography was composed of hijrher molecular 
weight polymers and aggregates. 

Morphology ofAp Oligomers — To determine the morphology 
of the Ap* species observed in the SEC expcriioents, electron 
microscopy was performed*- For both A/3-0-40) ind A/Ml-42), 
no structures were detected in the gel-included 1 Tactions, while 
the 17,000 X g pellets obtained prior to chrom itogxaphy con- 
tained a mesh of fibers 0-10 nm in diameter (F g. 3, A and B). 
These fibers were in distinguishable from those found in senile 
plaques (29). In addition, particularly in the cose of Aj8-(l-42), 
short fibrils were seen associated with the longer fibers. Gen- 
erally, one end of each fibril appeared to adhere to the side of a 
fiber, while the other end was free. Similar fibrils were found in 
the void volume peaks, where they appeared as short, curly 
fibrils 6—10 nm in diameter and 5—160 nm in length, on aver- 
age (Fig. 3 t C and Z>). We have termed these structures ■pro- 
tofibrils*' to distinguish them from the mature, amyloid-type 
fibers found in the pallets. 

ChromatogmpJi ic Analysis of Seedless A0 — Low molecular 
weight oligomers (larger than dimers) were not detected in the 
prior SEC experiments. OLigomerisation could be thermody- 
namically unfavorable or be suppressed kineticaUy due to rapid 
consumption of precursor by growing fibrils. Fibril formation 
would be accelerated by the presence of pre-cxiating aggregates 
(seeds) in the starting material. Freshly prepared solutions of 
A£-(l— 40) did, in fact, contain high molecular weight species 
that might act as seeds (Fig. 2A). To determine if rapid fibril 
formation affected Ap oligomerization, we sought to eliminate 
seeds prior to our experiments by dissolving Afi in HFIP, ly- 
opbilizing the solution, dissolving the lyophilizate in Me 2 SO, 
and then filtering the solution through a filter containing 
20-nm pores. The chromatographic behavior of peptides "de- 
seeded" in this way did not differ from that of peptides pre- 
pared without deseeding (data not shown). An included peak 
was observed initially, which was replaced over time by a peak 
in the void volume of the column. These data suggest that 
formation of stable low mo 1 ocular weight oligomers is a rela- 
tively unfavored process. 

High Sensitivity Morutaring of Afi Polymerization — Our re- 

* For simplicity, A0 within the gel-incl uded peak will be referred to as 
^aimeric.'' However, the QLS data alanc do not eliminate the poaniliiliiy 
that A0 within this peak its 
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suits suggested that, if pre a But, steady state levels of oligo- 
merio fibril precursors would be extremely low, making Lheir 
dutection by UV absorbance difficult. For this reason, two sen- 
sitive methods were utilised to monitor AjB polymerization: 1) 
radioiodinated peptide. was used as a tracer in mixtures with 
unlabeled peptide; and 2) SEC fractions were assayed for A/3 
content by RCA- Radioiodinated A0-U-4O) ( iaa I-A£.<l-40); 100 
pM final concentration) was mixed with unlabeled A/3 (1 mg/nu) 
in 0.1 m Tris-HCl, pH 7.4, chramatographed on a Superdex 76 



column, and detected in column fractions by ecint illation count- 
ing. At 0 h,^ a single peak was observed coincident with unla- 
beled A£ (Fig. 4). After incubation at room temperature for 8 or 
24 h, an additional peak of radioactivity was detected in the 
void volume (Pig. 4; at -7.4 ml). The radioactivity and UV 
absorb auco of this peak increased at the same rate over time, 
suggesting that the labeled and unlabeled peptadea polymer- 
ized in an analogous manner. 

In the above experiment, given that —33,000 cpm of A0 were 
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used, oligomer representing 35 little as 1% of the initial pro- 
tein mass could have been detected. Asymmetry in the void and 
dimer peaks, indicated by trailing- and leading shoulders, re- 
spectively, mirrored the behavior of the unlabeled peptide (cf. 
Pigs. 1 and 4). RIA analysis of Ap-O-40) SBC fractions pro- 
duced using the same protocol as above yielded results similar 
to those presented in Fig. 4 (data not showrO. Experiments 
were also performed at much lower A0 concentrations by using 
tracer alone; however, below 10~ a M, recovery of ^I-AjB-C 1-40) 
from the column was poor, probably due to nonspecific adsorp- 
tion to the column matrix and associated glass and plastic 
surfaces (22, 30). Taken together, these data suggest that al- 
though oligomeric intermediates do exist, they do not accumu- 
late to a significant degree during the polymerization process. 

Kinetics of Protofibril Formation — As a first step to deter- 
mining the key primary structural elements of A£ that control 
the kinetics of dimer and protofibril utilization, comparative 
polymerisation studies were done using AB-O-42), A/Ml-40), 
and Aj3-(l-40) containing the substitutions Fhe 19 -> Pro {Zl\ 
Ala 21 Qly (32), or Olu 22 Gin (33). Peptides were dissolved 
in Tris-KCl, pH 7.4, at concentrations of 1 mg/ml, incubated for 
up to 24 h, and then their polymerization states were analyzed 
by SEC on a Superdex 75 column. 

Immediately after dissolution, all samples produced a Bingie 
clu-omatographic peak with a retention time equivalent to that 
of dimeric wild type Ap-Cl-40). The level of the A0-(1-4O) peak 
declined by -20% over 24 h, while the levels of the A£-(l-40)- 
Pro ie and A0-(l-4O>Gly 31 peaks declined <10% (Fig. 5A). 
Ap-(l-42) and A/J-O^OGln 22 peaks decreased rapidly ini- 
tially, with a- —40% decrease within 1 h, followed by a slower 
decrease down to 20-*309p of initial levels by 24 h (Fig. 5A). The 
inverse was observed for the protofibril peaks (Fig. BB). The 
levels of protofibrils produced by AB-G-40) and AJ3-(1-40V 
Gly 31 increased —15 and —5%, respectivuly, over the first 24 h. 
No protofibril peak was detected at 24 h in experiments with 
A£-(l-40)-PrD 1D . In contrast, the levels of protofibrils formed 
by A0-(l-42) and A0-<1-4O)-Gln aa increased rapidly within the 
first hour. Peak levels of protofibrils were seen after 8 h f or 
A/3-(l-42) and after 1 h for Ap-(i-40>-Gln 2fl l after which these 
levels declined. The continuous decline in levels of the included 
peak, coupled with the transitory appearance of protofibrils, is 
consistent with the protofibril being an intermediate in A/3 
fibrillogen esds . 

SDS PAGE of A/3 Oligomers — SDS-atable oligomers havB 
been detected previously in media from cultured cells secreting 
A/3 (34). To determine the SDS stability of the oligomers ob- 
served during SEC, peak fractions were analyzed by SDS- 
PAGE. Interestingly, dimer, protofibril (void), and fiber (pellet) 
fractions produced during polymerization of A/J-Cl-40) all pro- 
duced a single 4-kDa band (Fig. SA). To identify trace levels of 
oligomers, 125 I-A£-(1-4Q) was incubated with A0-<1-4O), and 
the resulting products were characterized autoradiographically 
following gel electrophoresis. A single 4-kDa band was ob- 
served in this experiment as well (data not shown). Electro- 
phoresis of SEC fractions of A0-U-42) produced a different 
pattern (Fig. GB). Void peak fractions produced five bands, 
corresponding in mass to monomelic through pentameric A/3 
(Fig. fit?, Lanes 2-4), The dimer peak of A0-U-42) ran as a 
single 4.6-kDa band (Fig. 6B, lanes 5 and 6). Pra chromatogra- 
phy pellets (see "Experimental Procedures"), which contained 
fully formed A/3 fibers, produced the same five bands as did the 
void peak fractions, plus an occasional gel -excluded band (Fig. 
SB, lane J). Hie Be data baow that SDS disaggregates Afi fibers 
and protofibrils down to monomers, in the case of A/Ml -40), or 
to monomers and low molecular weight oligomers, in the case of 
A/3-U-42). 
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Fro. 6. Kinetics of A/1 polymerization. Afi peptides were a J lows d 
to polymerise for O, 1, 4, 8 t and 24 h and then were fractionated by SEC 
(see "Experimental Procodurefi"). Amounts of diipqric Aft (A ) a ad pro- 
tofibrils <ffl are plotted es a porcontage of the levels at time 0, wfficJT 
were assigned a value of 100%. Experiments were dcuu? in duplicate. 
WT t wild typo; P19, Pho u Pro; Q2I, Ala J1 -> Gly; Q22, Ghi" — G1d, 

DISCUSSION 

Accumulating evidence supports the hypothesis that A0 fi- 
bxillogcncoLB is a seminal pathogenetic event in AD (35, 36). 
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FlO. 6. SDS-PAGE analysis of SEC fractions. A0-< 1-40) (A) and 
A0-CL-42) CB) were dissolved hi 0.1m Tria-HCi, pH 7.4, incubated 6-48 
h, and then analyzed by SEC, as described under "Experimental Pro- 
cedures." The prechromatography pelietB (lanes J), void peak fractions 
(lanes 2-4). and fractions from the dimer peaks (lanes 5-6} were then 
analysed by SDS-PAGE and silver staining. 

Inhibiting or reversing fibrillogenesiB is thus a logical thera- 
peutic strategy. The goal of the experiments reported here was 
to characterize, structurally and kinofcicaUy, the initial stages 
of Afi fibrillogenesiB to identify targets for fiborillogenesis inhib- 
itors. We have discovered a potential target, the amyloid pro- 
tofibril, which appears to be an important intermediate in A£ 
fibrillogenesiB. This discovery, and the unique constellation of 
methods used to achieve it, have implications both for our 
understanding of A0 fibrillogeneaia and for the methodological 
approaches used to study A0 polymerization. 

In out SEC studies of ApMl— 40) polymerization, a single 
peak was observed following dissolution of lyophilized peptide 
(Table I). The M r of this peak varied from 5 to 18 kDa, depend- 
ing on the solvents and columns need, corresponding to mono- 
melic to ta tram eric Afi. These molecular weight estimations 
and, in fact, those of other groups using SEC (20-23, 37, 38) 
were based on calibration curves derived using soluble peptides 
and proteins specially selected for their ideal chromatographic 
behavior. However, we found that A/3, under noudeuaturing 
conditions, did not chromolograph ideally. Hub behavior is not 
uncommon for amphipathic peptides, such as A/3, which may 
undergo both electrostatic ancVor hydrophobic interactions 
with the column matrix (39). For example, nonideal chromato- 
graphic behavior has recently been reported for both the 
nonamyloid component of AD amyloid (40) and melittin (41). 
Therefore, to be able to estimate accurately the molecular 
weights, and thus the oligomerization states, of A0 using SEC, 
new standardization methods had to be utilized. 

QLS is a particularly powerful and appropriate technique for 
monitoring the sizes of protein polymers in solution (for a 
review, see Hef. 28). By coupling SEC with QLS, the oligomer- 
ization state of A0 within different chromatographic fractions 
could be estimated directly, rapidly, and noninvasively, We 
found that A0-(1-4O) and A/HI- 42) exhibit predominantly 
three forms in aqueous solution: dimer, protofibril, and fiber. 
Motastable oligomers (dimer < M x < protofibril) were detected 



using highly sensitive radiochemical and immunological as- 
says; however, none accumulated in significant quantities. A0- 
(1-40) and A/3-(l-42) have been reported to form stable dim era 
(20, 23) as well as high molecular weight polymers (20), al- 
though these latter structures were not characterized. Our 
analysis of protofibril fractions by QLS revealed a R H distribu- 
tion of 10-50 nm. Assuming A/3 forms rods with an 8-nm 
average diameter, and recognizing that in polydisperBe popu- 
lations of polymers the larger particles skew the R H distribu- 
tion toward higher values, the QLS data were consistent with 
protofibrils 30-500 nm in length. These estimates were con- 
sistent with results of electron microscopy, which revealed 
curly fibrils 6—10 nm in diameter and ranging in length up to 
200 nm. 

An important question arising from the discovery of the 
protofibril was where it lay in the pathway of A/3 fibril lo gen- 
esis. In an effort to answer this question, SEC was used to 
study the stages and kinetics of A/3 fibrillogenesis. In the cases 
of A/Ml-42) and A0-(1-4O)-Ghi 3t2 , dimers predominated ini- 
tially, and then a time-dependent decrease in dimer levels was 
paralleled by an increase in protofibrils. Finally, protofibril 
levels declined as welL Radiochemical analyses of SEC frac- 
tions showed that on fe_ two discrete Afl species, dimer and 
p rotofibril, Bjceumulatedduring fibrillogenesis. H owever, trail-' 
inland leading shoulders associated with pro to fibril and dimer 
peaks, respectively, appeared during fibrillogenesis.. In addi- 
tion, an elevated base line was observed between the protofibril 
and dimer peaks. These data are consistent with a polymeri- 
zation process in which AJ3 oligomer bees through a series of 
short lived intermediates to form protofibrils, which act as 
centers for the growth of mature fibers. A similar pathway has 
been proposed by Harper et al (42) based on studies of A/3 
polymerization monitored by atomic forcB microscopy. 

Rates of dimer utilization and protofibril formation varied 
markedly among different A0 species (Fig, 5). The differences 
observed agree qualitatively with previous reports indicating 
that Hfcrnctiirql Rlp.mfmt.i iti fcV^ rflnfrrflT hyrf^pK^y, , ^ rf > 
(Leu 17 -Alav"j and at the COOH terminu s of Aft pift y W-T" 1o p 
L0 BimLrulling fibrillogenesis (7, 11, 43-46). For example, rela- 
tive to wild type ApMl-40), both A^-(l-40)-Qln a3 and A/3-U- 
42) polymerize into protofibrils and then into fibers signifi- 
cantly faster. In each case, amino acid substitutions (Glu 22 — * 
Gin* 3 ) or additions (lie 41 -Ala' 42 ) produce peptides of greater 
hydrophobicity, a change that could drive aggregation through 
the hydrophobic effect (47). Whether significant intramolecular 
or intermuscular structural changes also contribute to the 
altered kinetics is unknown. In contrast, A/Ml-^O^Gly 31 po- 
lymerized more slowly than did wild type peptide, while A0- 
(1-40)-Pro lfi remained almost completely unpolyiuerized. Few 
protofibrils were formed by A(3-(l-40)-Gly ai after 24 h, and 
none were observed in the Aj3-(1-40)-E*ro ie samples. These 
results suggest that glycine and proline alter A^ structure in a 
manner that inhibits or precludes the self-associations neces- 
sary to produce protofibrils and fibers . This could occur through 
des totalization of structural elements, including cc-hoiices 
and/or /3-strands (46, 49), required for fiber formation. This 
mechanism has been implicated in alterations in /3PP process- 
ing induced by familial AD mutations (31, 50) and is consistent 
with previous findings that fibril formation requires formation 
of a stable 0-sheet structure (11, 44, 61, 52). 

In addition to SEC, denaturing gol electrophoresis (SDS- 
PAGE) has been used to characterize Afi oligomers (17-20). 
However, on theoretical grounds (Lc. thy use of the chao trope 
SDS), this technique would be expected to disaggregate nonco- 
valent complexes, limiting its usefulness m studies of protein 
aggregation. We examined this issue by comparing results 
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FlG. 7. Models of Afi fi brill offeneaia. A, A/3 fibril I o gens s Lb ia a 
nudeation-depaadBixt poJyniBri nation process in which monomeric AB 
foruiB nuclei (step 2) from which protofibrils emanate (atep 2). Thus® 
protoflbrDa give rise to full-length fibere (step 3). B t dimers may form 
nuclei and add to them or to protofibrils, directly. However, dimeru may 
also be in equilibrium with monomers, which might themselves act qb 
the building blocks for these polymeric structures. C, besides the addi- 
tion of to protofibril ends, pratoflbrrU may gi ve rise to mature fibers 
through Etmplo end-to-end annealing; lateral association of protofibrils, 
followed by A3 addition to ends; and lateral association followed by 
end-bo-end annealing. V, it ia also possible that protofibrils are incapa- 
ble of forming fibers directly bul instead simply provide precursors for 
productive pathways of famUogeneaiB. -Vote that Afi and its oligomer* 
and polymer* are not drawn to scale. 

obtained by SECVQLS with those from SDS-PAGE. Fibers, 
protofibrils, and dimers of AJ3-U-40) all produced a single 
-4-kDa band on gole (Fig. 6A). A single band was elso seen 
witii tumeric A£-(l-42), whereas A/3-U-42) protofibrils and 
fibers produced essentially identical ladders of low molecular 
weight species ranging from, monomer to pen tain bt (Fig. 6B). 
These results show clearly that SDS-PAGE data do not reliably 
reflect the polymerization state of A0 under native conditions. 
However, the technique may bo of use in the characterization of 
factors that produce detergent-stable mul timers. 

Modeling A£ FibrUlogenesU — The structural and kinetic 
analyses of A0 fibrillogenesis presented here revealed the ex- 
istence of a previously unidentified fiber intermediate, the pro- 
tofibril. The data extant are consistent with a number of mod- 
els of protofibril formation and conversion into fibers. Each 
modal posits that A£ monomers combine to form fibril nuclei 
(Fig. 7A, step J), from which protofibrils emanate by linear 
growth (Pig. 7A, step 2). These protofibrils,, in turn, give rise to 
the classical 6-10 ■nm fibers characteristic of neuritic plaques 
(Fig. 7A, step 3). During fibrillogBneeis, A0 dimers accumulate 
initially and then are consumed as protofibrils and fibers form. 
These dimers may be involved directly in steps 1-3 or may be 
in equilibrium with monomers, which could be the true build- 
ing blocks for nuclei, protofibrils, and/or fibers. A dimar "res- 
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ervoir* could control the monomer concentration and, there- 
fore, the kinetics of fibrillogenesis in the way micelles control 
fibrillogenesJfl kinetics at low pH (8. 53). 

A number of mechanisms may explain the protofibril-^fiber 
transition (Fig. 75). The simplest is end-to-end association of 
protofibrils. This is unlikely, however, because of the kinetic 
barriers associated with the diffusion and proper alignment of 
protofibril ends. Protofibrils could associate laterally to form 
"self-templates/ onto which precursors (dimers/monomers) 
could bind and polymerize. Alternatively, lateral association of 
protofibrils could accelerate end-to-end annealing by fostering 
proper alignment of protofibril ends. It is also possible that 
protofibrils are the end-products of a nonfibrillogenic pathway 
(Pig. 70. In this case, protofibril dissociation would be neces- 
sary to release A0 precursors into productive patbwayB of fiber 
formation. Experiments are currently under way to discrimi- 
nate among there possibilities. Initial results suggest that pro- 
tofibrils self- associate to produce fibers in the absence of low 
molecular weight precursors. 8 This mechanism is supported by 
the failure to observe a continuous distribution of fiber lengths 
in the size domain between protofibrils and mature amyloid 
fibers (42). 3 

If protofibrils are key intermediates in A/3 fibrillogenesis in 
vivo, as they appear to be in vitro, they would be attractive 
therapeutic targets because 1) fibrinogen eBi a mediated through 
protofibrils might be poisoned with as little as one or two 
inhibitor molecules per protofibril, and 2) fibrillogenesis inhib- 
itors would function ertracellularly. In particular, because the 
therapeutic levels of inhibitor in the plasma or cerebrospinal 
fluid would be orders of magnitude lower than those necessary 
for inhibitors binding bo monomelic AJ5, the risk of cytotoxic 
side-effects would significantly decrease. 
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Abstract 



In some families with early-onset Alzheimer's disease (AD) pathogenic mutations have been found in exons 16 and 17 of the 
amyloid precursor protein (APP) gene. One case of schizophrenia has been, described with a mutation at codon 713. We have developed 
a single strand conformation polymorphism (SSCP) method that detects mutations in these exons and investigated 98 AD cases and 56 
elderly healthy controls. An earlier reported imitation at codon 71 3 in a healthy control and a previously undescribed polymorphism at 
codon 70S in a sporadic case of AD were found, These mutations are probably not related to disease pathogenesis. 

Keywords: Alzheimer's disease; Schizophrenia; ^-Amyloid; Amyloid precursor protein gene; Chromosome 21; Mutation screening; 
Single strand conformation polymorphism; Chemi luminescence 



The neuropathologies] hallmarks of AD are amyloid 
plaques and neurofibrillary tangles. The amyloid in the 
plaques contain a peptide [9] named ^-amyloid, which is 
derived from the amyloid precursor protein (APP) 
[11,28,29.30]. The APP gene is situated on chromosome 
21 and consists of 18 exons* of which parts of exon 16 
and 17 encode the ^-amyloid fragment [31]. 

Disease-causing mutations have been found in the APP 
gene in some early-onset AD families. At codon 717 three 
different mutations were detected, Val— Hie [6,10,24], 
Val -> Phe [23] and Val -4 Gly [4] (Table I). A double- 
mutation at codon 670/671 (Lys -** Asn and Met ^ Leu) 
was found in a Swedish AD family [19,22], A point mu- 
tation at codon 693 (Glu Gin) causes the disorder 
'Cerebral haemorrhage with amyloidosis of Dutch type* 
[20] (Tabic I). A mutation at codon 692 (Ala Gly) has 
been linked to a slightly different phenotype [13] (Table 
1). One case of schizophrenia has been detected with a 
mutation at codon 713 (Ala Val) [16] (Table 1). Some 
other non-pathogenic base substitutions in exons 16 and 
17 of the APP gene have been reported [1-3,17,27.2832] 
(Table 1). 

* Corresponding author. Tel +46 $ 746 55 69; Fax: +46 8 746 52 35. 



Mutations in exon 16 and 1? of the APP gene are of 
great importance in the understanding of the pathogenesis 
of AD. It is essential to Find all mutations at this loci and 
to investigate their frequency. Single strand conformation 
polymorphism (SSCP) offers good possibilities for, rapid 
and simple mutation screening. The migration of single- 
stranded DNA in a non-denaturing polyacrylamide gel is 
sequence dependent and thus a mutated sequence is de- 
tected as a change of mobility caused by its altered struc- 
ture [26], Direct DNA sequencing to precisely identify 
the reason for the changed mobility must, however, be 
performed. 

One affected member from 63 AD families and 35 
sporadic AD cases were examined by SSCP. They were 
all diagnosed according to NINCDS-ADRDA criteria 
[21]. We also examined 56 elderly healthy controls origi- 
nating from the Kungsholmen Project 1 8 J, who were all 
without signs of dementia as assessed by mini-mental 
state examination [7]. DNA was prepared according to 
standard procedures [14], In order to investigate- the effi- 
ciency of the SSCP method, DNA from carriers of the 
mutations at codons 670/67 K 692, 708, 71 1, 71 3, 716, the 
two different mutations at codon 693 and the three at 
codon 717 were used as positive controls. 
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Table 1 



Mutations in the APP gene, their effects at the protein level, clinical pbenotypes and references 



Codon 


Nucleotide 
substitution 


Amino acid 
substitution 


Fbcnotype 


Coses described 




Exon 16 












665 


G -> C 


Glu -* Asp 




1 ease of AD 


(281 


670/671 


G — * T/A —* C 


Lys Asn/Met ~> Leu 


AD 


1 Swedish family 


[22] 


673 


G — » A 


Ala -*Thr 


_ 


I cam of stroke and 


[27] 










myocardial infarction 


Exon 17 












692 


c-*g 


Ala Giy 


Presenile dementia and 


1 Dutch family 


113] 








cerebral haemorrhage 




693 


G~*C 


Glu -> Gin 


Cerebral haemorrhage 


3 Dutch families 


[20] 


693 


A — * G 


Gin Gly 




1 case of AD 


[17] 


705 


C-*T 






1 case of AD 


[This study] 


708 


C->T 






3 cases of AD, I case of cerebral 


rU.173 










haemorrhage, 2 non AD, 1 control 




711 


C-» A 






1 case of AD 


[1] 


713 


C-*T 


Ala -> Val 




1 case of schizophrenia, 1 control 


[16, this study 5 


713/715 


G -> A/G -» A 


Ala -> Thr / - 




1 ease of AD and 5 unaffected 


[3] 










family members 


716 


C-*A 






1 control 


[32] 


717 


G -> A 


Val-*De 


AD 


3 English families, 2 Japanese families 


[6,10,24) 


717 


G~>T 


Val -+ Fhc 


AD 


1 American family 


[23] 


717 


T-+G 


Val -* Gly 


AD 


1 English family 


[4] 



Amplification of a 216 bp fragment containing exon 
16 and a 182 bp fragment containing exon 17 were car- 
ried out simultaneously with the 5' biotinylated primers 1* 
2, 3 and 4 (Table 2). SSCP was performed as follows: the 
PCR product was diluted 1:4 in 1.25% SDS and 12.5 mM 
EDTA (pH 8.0) and mixed 1:1 in stop solution (USB). 
After separating the strands at 94°C for 4 min, the sam- 
ples were cooled on ice and applied to a 5% non- 
denaturing polyacrylamide gel (30:0.8 acrylamide/pis) 
using Protogel (National Diagnostics), 10% glycerol and 
lx TBE. The gel was electrophoresed at 7 W at room 
temperature overnight . Thereafter the DNA was capillary 
transferred to an Immobilon nH -$ membrane (BioLabs) for 
30 min. The DNA strands were visualised using the Polar 
PI ex Chemiluminescent Blotting Kit (BioLabs) and there- 
after an X-ray film was exposed to the membrane for 3- 
5 min. 



Table 2 

Primer sequences used for PGR amplifications 



No. Exon Sequence 



J 16 5'-GGO TAG GCT TTG TCT TAC AG»3'° 

2 5'-GGC AAG ACA AAC AGT AGT CG-3' a 

3 17 5'-CJTT TTC AAG GTG TTC TTT GC-3'° 

4 5'-GGA AAC ATG CAG TCA AGT TTA CC^3'* 

5 5'-CCT CAT CCA A AT GTC CCC GTC ATT- 3' * 

6 5'-GCC TAA TTC TCT CAT AGT CTT AAT TCC CAC-3' 



0 Indicates biotinylated primers. 



To sequence exon 17 a 319 bp fragment was amplified 
with primers 5 and 6 (Table 2). A second semi-nested 
PCR reaction using primer 5 and the 5' biotinylated 
primer 4 (Table 2) was then performed. Single-stranded 
DNA was prepared from the second PCR product using 
streptavidine-coated magnetic beads (Dynabeads) [15] 
and direct DNA sequencing was performed using Se- 
quenase version 2,0 (USB) according to the manufac- 
turer's instructions. The samples were run on a 6% dena- 
turing polyacrylamide gel, and the sequence was read by 
eye after exposing an X-ray film to the dried gel. 

All positive controls showed extra bands in the SSCP 
(not shown). Extra bands were also seen close to exon 17 
in two of the investigated individuals (Fig, 1). Direct 
DNA sequencing of exon 17 revealed mutations in both. 
One was a previously described C — * T substitution at 
codon 713 (Fig. 2A) leading to an amino acid substitution 
(Ala — > Val). This mutation created a restriction site for 
MaeUJ, and digestion with MaeUl further confirmed the 
mutation (not shown). The other was aC-^T substitu- 
tion at codon 705 not previously described (Fig. 2B). 

The sensitivity of .SSCP is dependent on the length of 
the amplified fragment, the temperature, the ionic concen- 
trations and the concentration of the gel matrix. Changing 
these parameters can increase or reduce the separation 
between fragments of nearly identical sequence. The 
possibility of detecting mutations in fragments of sizes 
less than 200 bp is approximately 90%, and for fragments 
up to 300-350 around 80% [12]. To obtain, a short frag- 
ment of exon 17 we had to use a primer thai covered 
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123456789 



Exon 16 




Exon 17 



Fig. 1. Detection of sequence variations in exon 16 and 17 by SSCP 
analysis. A changed pattern was seen in lanes 1, 6 and 9. In lane 1 the . 
713 muuition is seen, in lan? 6 the 70S mutation is demonstrated and 
lane 9 shows an individual with the 670/671 mutation in exon 16, used 
as positive control. 

eleven nucleotides in the beginning of the exon and mu- 
tations at these positions will probably not be detected. 
However, mutations in this part of exon 17 have not been 
reported. 

In this study, the APP 713 mutation was found in a 76- 
year-old healthy individual. It has been reported previ- 
ously in a schizophrenic patient [16]. but could not be 
traced back in the family of the patient and has not been 



G A T C 



G A T C 





Fig, 2. DNA sequence showing a pan of exon 17, (A) A C -* T trans- 
version at codon 713, changing AJa -» Val, was found in a healthy 
control. <B) A C-* T transversion at codon 705, silent at the protein 
level, was found in a case of Sporadic AD. 



seen in investigation of at least 295 patients with schizo- 
phrenia [5,25]. Our finding makes it probable that it is 
unrelated to both schizophrenia and Alzheimer's disease. 
The mutation at codon 705, first described in this investi- 
gation, was silent at the protein level and found in a case 
of sporadic AD. Ii was not situated within the acceptor or 
donor splice junction of the exon, and is probably not 
involved in mRNA splicing events [31]. This suggests 
that this variant is unrelated to the pathogenesis of the 
disease. We conclude that the SSCP method described in 
this study is well suited to screen for mutations in the 
APP gene. 
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